The visual cycle is a multi-step pathway to recycle 11-cis retinal, the chromophore for both rod and cone visual pigments. The isomerohydrolase RPE65, a membrane-associated enzyme, converts atRE (all-trans-retinyl ester) to 11-cis-retinol, a key step in the visual cycle. Previously, it has been shown that membrane association of RPE65 is essential for its catalytic activity. Using purified recombinant chicken RPE65 and an in vitro liposome-based floatation assay, we present evidence that the RPE65 membrane-binding affinity was significantly facilitated by incorporation of atRE, the substrate of RPE65, into liposomal membrane. Using tryptophan emission fluorescence quenching and CD spectroscopy, we showed that, upon membrane binding, RPE65 undergoes conformational changes at both the tertiary and secondary structural levels. Specifically, tryptophan fluorescence quenching showed that the tertiary RPE65 structure became more open towards the hydrophilic environment upon its association with the membrane. Simultaneously, a decrease in the α-helix content of RPE65 was revealed upon binding with the lipid membrane containing atRE. These results demonstrated that RPE65's functional activity depends on its conformational changes caused by its association with the membrane.
INTRODUCTION
Visual pigments consist of an opsin protein and the 11-cisretinal chromophore covalently linked by a Schiff base. Photon absorption causes isomerization of 11-cis-retinal into all-transretinal, which triggers the phototransduction cascade, generating visual signals [1] . Efficient and constant regeneration of 11-cisretinal is necessary for continuous vision [2] . This regeneration process is named the visual cycle, which includes a series of enzymatic reactions in photoreceptor cells and RPE (retinal pigment epithelium). A key step of the visual cycle is the conversion of atRE (all-trans-retinyl ester) into 11-cis-retinol [3] . This reaction is catalysed by RPE65 [4] [5] [6] , a membraneassociated enzyme localized in the RPE [7, 8] . Recently, we demonstrated that purified RPE65 regains its activity upon binding with the liposomes containing atRP (all-trans-retinyl palmitate) [9] . Consistently, it was subsequently shown that bovine RPE65 in RPE microsomes loses its activity after PLA 2 (phospholipase A2) treatment, suggesting that the integrity of phospholipid membrane is essential for the enzymatic function of RPE65 [10] . Retinyl palmitate, the intrinsic substrate of RPE65, is extremely hydrophobic and resides in the lipid membranes. Therefore it was believed that RPE65 has to associate with the membrane to extract its substrate from the membrane.
The mechanism by which RPE65 interacts with the phospholipid membrane remains controversial. Since RPE65 protein lacks an N-terminal signal peptide and putative transmembrane spanning sequences, it is believed to be a peripheral membrane-associated protein [7] . In an earlier study, it was proposed that three palmitoylated cysteine residues (Cys 231 , Cys 329 and Cys 330 ) in RPE65 are responsible for its membrane binding [11] . However, triple mutations of all of three cysteine residues to alanine did not dissociate RPE65 from the membrane [12] . Moreover, both the crystal structure and MS data revealed no palmitoylation at those cysteine residues [13, 14] . Later, another palmitoylation site of RPE65 at Cys 112 was found to be essential for RPE65's membrane association and enzymatic activity [15] . Yet according to another study [14] , RPE65 is not palmitoylated and associates with membrane through electrostatic interactions with negatively charged phospholipid headgroups. However, these electrostatic interactions appeared to not be essential for RPE65 activity, since retinyl ester incorporated in neutrally charged liposomes was efficiently converted into 11-cis-retinol [9] . On the other hand, the X-ray structure of RPE65 features a large lipophilic surface surrounding the entrance to the active-site tunnel, suggesting that hydrophobic interactions may contribute to RPE65 binding with the membrane [13] . Interestingly, detergentsolubilized RPE65 does not demonstrate enzymatic activity in the absence of the membrane, although the protein efficiently binds the retinyl ester substrate [16, 17] . This suggests that RPE65 may change its conformation to an inactive state after dissociation from the membrane. However, the mechanism affecting RPE65's enzymatic activity upon membrane dissociation/binding remains elusive.
In the present study, the interaction of RPE65 with the membrane was explored in vitro using purified recombinant RPE65 and a liposome-based model system mimicking biological membranes. Fluorescence and CD spectroscopy were used to monitor RPE65 conformational changes in the presence of the phospholipid membrane. We showed that the association with the membrane resulted in a more open conformation of RPE65. Moreover, the α-helix content of RPE65 secondary structure was decreased upon binding with the membrane containing a tRP. Our results demonstrate that binding with the membrane causes changes in the RPE65 conformation, facilitating the enzyme transformation into an active form.
EXPERIMENTAL Expression and purification of recombinant chicken RPE65
Chicken RPE65 with an N-terminal 6×His tag was expressed in HEK-293-LRAT (HEK is human embryonic kidney, LRAT is lecithin:retinol acyltransferase) cells and purified to homogeneity as previously described [9] . Briefly, the cells were harvested after the infection with adenovirus expressing chicken RPE65 at a MOI (multiplicity of infection) of 500 for 48-72 h, washed with PBS (pH 7.4) twice, redissolved in buffer I (50 mM sodium phosphate buffer pH 8.0), and underwent three freeze-and-thaw cycles. The membrane fraction was separated by centrifugation at 100 000 g for 1 h at 4
• C. Thereafter, the pellets were dissolved in 35ml of buffer II [50 mM sodium phosphate (pH 8.0), 100 mM NaCl and 10 % (v/v) glycerol] and sonicated (30 s on a water ice bath) in the presence of 0.1 % CHAPS. The homogenate was centrifuged at 125 000 g for 1 h at 4
• C and applied on to a Ni 2 + -nitrilotriacetic acid-agarose column (Qiagen). After washing the column with buffer II containing 0.1 % CHAPS and 10 mM imidazole, RPE65 was eluted with buffer II containing 0.1 % CHAPS and 300 mM imidazole. The fractions containing RPE65 were pooled together and dialysed against a storage buffer [50 mM sodium phosphate (pH 8.0), 150 mM NaCl, 10 % (w/w) glycerol and 0.1 % CHAPS) at 4
• C overnight. The purity of RPE65 was controlled by Coomassie Brilliant Blue staining of SDS/PAGE (10%) gels, and the identity of the purified protein was verified by Western blot analysis using an antibody specific for RPE65 as described previously [9] . The antibody used in this work was raised against the epitope VSHPDALEEDDGVV, which is conserved in human, bovine and chicken RPE65.
Liposomes preparation
All phospholipids used in the study were purchased from Avanti Polar lipids. The 50 % mol of total phospholipid composition was DOPS (1,2-dioleoyl-sn-glycero-3-phospho-L-serine) and the rest was composed of 35 % mol DOPC (1,2-dioleoyl-sn-glycero-3-phosphocholine) and 15 % mol DLPC (1,2-didodecanoylsn-glycero-3-phosphocholine). DLPC has relatively high CMC (critical micellar concentration; 90 nM) and limited miscibility with DOPC and DOPS. Nevertheless, we included DLPC (15 % mol) in the liposome composition since we have previously found empirically that at the molar ratio of 85:15 for DOPC/DLPC a significant amount of retinyl palmitate (a highly hydrophobic substrate for RPE65 isomerohydrolase) can be reproducibly incorporated into the liposomes [9] . Moreover, these liposomes were very stable with time.
atRP was added to the phospholipids at a 1:75 ratio. The [ 14 C]-PC (L-α-1-palmitoyl-2-arachidonyl-phosphatidylcholine) was added at 0.1 μCi/ml for each mixture prepared. Liposomes were manufactured as described previously [9] . The total lipid concentration of the resulting liposome suspension was 5 mM. Liposomes were aliquoted and stored at 4
• C under argon and used within 4 weeks.
In vitro isomerohydrolase activity assay
For each reaction, an equal amount of either atRP or atRP incorporated into the liposomes (250 μM lipids and 3.3 μM atRP) and 25 μg of purified RPE65 were incubated in 200 μl of reaction buffer [10 mM BTP {1, 3-bis[tris(hydroxymethyl) methylamino]-propane} (pH 8.0) and 100 mM NaCl] containing 0.5 % BSA and 25 μM cellular retinaldehyde-binding protein for 2 h at 37
• C. The retinoid profile after completion of the reaction was evaluated by HPLC where the peaks were identified by co-elution with retinoid standards. The RPE65 isomerohydrolase activity was calculated based on the 11-cis-retinol peak area as described previously [5, 9] .
Membrane-binding assay
Binding of RPE65 with the phospholipid membrane was examined using flotation in a discontinuous sucrose density gradient. Purified recombinant RPE65 (25 μg) was co-incubated with 20 μl of liposomes (100 μM lipids and 1.4 μM atRP) in 1.5-ml tubes wrapped in foil for 2 h at 37
• C with vigorous shaking. The mixture (50 μl) was adjusted to a final sucrose concentration of 1.8 M (final volume 550 μl) and placed in the bottom of a 3.5-ml ultracentrifuge tube. The solution was then overlaid with 850 μl of 1.35 M sucrose, 850 μl of 0.8 M sucrose and 750 μl of 0.25 M sucrose. The gradient was centrifuged at 250 000 g for 3 h at 10
• C, and then 500-μl fractions were drawn from the air/fluid interface and analysed for their lipid and protein contents. Aliquots (30 μl) of each fraction and the pellets (6 μl) were analysed by SDS/PAGE (10 % gel), transferred on to a nitrocellulose membrane (Pall Corporation) followed by Western blot analysis with the anti-RPE65 polyclonal antibody (1:1000) as described [9] . The RPE65 content of each collected fraction was semi-quantified by densitometry analysis of the Western blot membranes, whereas lipid distribution in the fractions was analysed by liquid scintillation counting of [
14 C]-PC radioactivity. The amounts per fraction of both RPE65 and lipids were defined as percentage of the total amount detected through the gradient. For each liposome composition, at least three independent experiments were carried out.
Steady-state fluorescence measurements
Steady-state tryptophan fluorescence emission of RPE65 in the presence of either plain or atRP-incorporated liposomes was measured on a PC-1 spectrofluorimeter (ISS). The excitation wavelength for tryptophan was 280 nm, and emission intensity was scanned at 1-nm intervals between 300 and 400 nm. Slits were set for 2 and 2 nm for excitation and 2 and 2 nm for emission. RPE65 spectra at 0.1 μM of the protein were obtained in the absence and presence of 5 μM liposomes (in PBS with 0.1 % CHAPS, pH 7.4) at 20
• C. Spectra were corrected to cancel out any contribution due to light scattering by subtracting the obtained values from the corresponding liposome and buffer backgrounds. For each liposome composition (both with and without retinyl ester added), typically two spectra were averaged.
Quenching of tryptophan fluorescence with potassium iodide
Tryptophan fluorescence quenching experiments were performed with 2 M KI containing 1 mM Na 2 S 2 O 3 to prevent I 3 − formation [18] . Aliquots of 2 M KI were added to 0.5 μM of purified RPE65, in the presence and absence of 5 μM of liposomes. To eliminate the potential effect of an increase in the ionic strength, the protein spectra were checked upon dilution with 2 M KCl (control) containing 1 mM Na 2 S 2 O 3 . The fluorescence spectra were measured using buffer II [50 mM sodium phosphate (pH 8.0), 100 mM NaCl, 10 % (v/v) glycerol], at 25
• C between 320 and 380 nm with an excitation wavelength at 278 nm. In each experiment, the net change in fluorescence due to the quenching at each KI/KCl concentration was determined by the equation 
CD spectroscopy
The CD spectra were measured to examine the effect on RPE65's secondary structure upon binding with liposomes. Prior to CD analysis, samples with RPE65 concentration of 2 μM were incubated at a protein-to-lipid molar ratio of 1:500 in the buffer [50 mM sodium phosphate (pH 8.0), 100 mM NaCl, 10 % (v/v) glycerol and 0.1 % CHAPS] for 2 h at 37
• C with shaking. Far-UV CD spectra were measured on a JASCO J715 spectropolarimeter equipped with a PTC-348WI Peltier temperature controller (Jasco) at 20
• C using a 1-mm-pathlength quartz cuvette as described previously [19] . Typically, 40 spectra were recorded and averaged from 200-250 nm with a 1-nm step size. CD data were normalized to the protein concentration and expressed as mean residue ellipticity after the corresponding background was subtracted. Resulting CD spectra were evaluated for RPE65's secondary structure contents in the absence and the presence of liposomes. CDPro software [20] (available at http://lamar.colostate.edu/∼sreeram/CDPro) was used for quantitative analysis. The percentage of α-helix, β-sheet and random coil for the protein samples are averaged values from at least four independent experiments.
RESULTS

Isomerohydrolase activity of RPE65 is restored upon binding to liposomes
To examine the effect of RPE65 binding with the membrane on its catalytic activity, the in vitro enzymatic assay was applied using the mixtures of RPE65 with atRP either free or incorporated into the liposomes. As shown in Figure 1 (A), a significant amount of 11-cis-retinol was generated when the purified chicken RPE65 was incubated with liposomes containing atRP. The RPE65 catalytic activity in the presence of DOPS/DOPC/DLPC liposomes was measured as 6.31 + − 0.15 nmol/mg per h. The identity of the 11-cis-retinol product was established by UV spectrum of the HPLC peak and the retention time identical with the 11-cis-retinol standard. However, when the purified RPE65 was incubated with atRP without the phospholipid membrane, there was no detectable 11-cis-retinol product ( Figure 1B ). This result indicated that the association of RPE65 with the membrane is essential for its enzymatic activity. To exclude the possibility of non-specific thermal isomerization of atRP in the presence of the phospholipid membrane, the liposomes containing atRP were incubated in the absence of RPE65. There was no 11-cis-retinol detected after the incubation in the absence of the enzyme, demonstrating that the production of 11-cis-retinol is dependent on RPE65 ( Figure 1C) .
Effect of the presence of atRP in the liposome on the binding of RPE65 with the lipid membrane
To examine the association of RPE65 protein with the lipid membrane, we used a liposome flotation assay [21, 22] . Mixtures of purified RPE65 and liposomes with or without incorporated atRP were placed on the bottom of the sucrose gradient. After centrifugation, the liposomes floated up through the sucrose gradient due to their buoyancy [22] . Liposomes were found predominantly localized to the top-most fractions of the gradient regardless whether atRP was incorporated or not ( Figure 2A) . In order to determine if RPE65 floated with the liposome, each fraction of the gradient was analysed by Western blotting using an anti-RPE65 antibody ( Figure 2B ). Unbound RPE65 protein remained in the bottom fractions ( Figure 2B, top panel) , whereas the membrane-bound RPE65 co-fractionated with the liposome fractions to the top fractions of the gradient ( Figure 2B , middle and bottom panels). In order to evaluate whether the presence of the substrate of RPE65 (atRP) has an effect on the RPE65-membrane binding affinity, atRP was incorporated into the liposomes at an atRP-to-lipid molar ratio of 1:75. Comparison of RPE65 distribution along the gradient showed that addition of atRP into the liposomes resulted in a notable (more than 20 %) increase in RPE65 binding to the liposome (Figures 2B and 2C ). These experiments demonstrate that the incorporation of atRP into the membrane facilitates the RPE65 membrane association.
Fluorescence emission changes induced by binding of RPE65 to the membranes
Since purified RPE65 regains its catalytic activity after binding with the phospholipids [9] , we hypothesize that the protein may undergo structural rearrangement upon interaction with the membrane. To evaluate RPE65 conformational changes upon binding with liposomes, we monitored the intrinsic tryptophan fluorescence of RPE65 in the absence or presence of the liposomes. RPE65 has nine tryptophan residues and shows an intrinsic fluorescence emission spectrum with a λ max at 334 nm ( Figure 3A , continuous line). Compared with free RPE65, a significant increase in fluorescence intensity (up to 30 %) was observed in the presence of the plain liposomes (without atRP) (Figure 3 , dashed line). In the presence of the atRP liposomes, the magnitude of the fluorescence enhancement was lower in comparison with that of the plain liposomes (Figure 3 A, dotted line) . In addition, the emission maximum λ max of RPE65 was red-shifted from 334 nm in free RPE65 to 335.5 nm after binding with liposome. The presence of atRP in the liposomes enhanced the red-shift of the λ max to the longer wavelength in comparison with the liposomes without atRP (λ max = 337 nm). The red shift in the emission maximum of the membrane-bound RPE65 ( Figure 3B ) suggests that some of the tryptophan residues became exposed to a more polar environment due to protein conformational changes [23] [24] [25] . 
RPE65 fluorescence quenching by potassium iodide
In order to further examine the structural changes occurring in membrane-bound RPE65, fluorescence quenching studies were carried out using KI, an external ionic soluble quencher of tryptophan emission. Quenching by the iodide anion is limited to tryptophan residues exposed to solvent [18, 26] . Fluorescence quenching was recorded in the presence and absence of liposomes ( Figure 3C ) and the data were fitted to the Stern-Volmer equation to determine the quenching constant K SV from initial slopes. The quenching constants, evaluated from the slopes of the plot were 0.88 + − 0.04 M − 1 (in the absence of liposomes), 1.51 + − 0.05 M − 1 (for plain liposomes) and 1.47 + − 0.06 M − 1 (for atRP-containing liposomes). In the presence of either the plain or the atRPcontaining liposomes, more quenching was detected for RPE65 than in the absence of any liposomes ( Figure 3C ), indicating that some tryptophan residues are more exposed to the solvent when RPE65 is in a membrane-bound form. Thus the RPE65 conformation becomes more open upon binding to the membrane.
Binding with the membrane changes conformation of RPE65 protein as shown by CD spectroscopy
To further characterize the possible structural changes of RPE65 caused by binding with the phospholipid membrane, CD measurements in the far-UV region were performed at a proteinto-lipid molar ratio of 1:500. Far-UV CD spectra demonstrated a considerable amount of α-helical content in RPE65's secondary structure in the absence of liposomes (Figure 4) as indicated by local minima at 208 and 222 nm (Figure 4 , continuous line). Calculations utilizing either SELCON3 or CONTINLL software [20] resolved the secondary structure of RPE65 as consisting of 19.5 + − 1.8 % of α-helixes and 29.7 + − 1.3 % of β-sheets in the buffer solution used. In the presence of the atRP-containing liposomes, the CD spectra of RPE65 presented the similar shape; however, it showed a marked decrease in molar ellipticity (Figure 4 , broken line). The calculations of secondary structure showed that the amount of helical structure decreased to 17.8 + − 2.0 % (P < 0.05, in comparison with free RPE65) in RPE65 bound with the atRP-containing liposomes. Taken together, these results demonstrated that the binding with the phospholipid membrane changes the secondary structure of RPE65, i.e. the total amount of the helical content of RPE65 became lower upon binding to the atRP-containing liposomes.
DISCUSSION
The importance of membrane binding for isomerohydrolase activity was established even before the identification of the enzyme, since its enzymatic activity was found highly sensitive to dissociation from the membrane by detergents [27] . The absence of enzymatic activity of purified RPE65 was a long-standing source of controversy with regard to definitively characterizing the protein function. Initially, it was proposed that RPE65 is a retinyl ester-binding protein [17] that needs some other partner for its activity. Indeed, in the absence of membrane RPE65 efficiently binds retinyl ester substrate, but does not convert it into 11-cisretinol [16] . Recently, it has been demonstrated that purified RPE65 protein regains its enzymatic activity upon binding to the liposome [9] . The necessity of the membrane association for RPE65 catalytic activity has also been shown using the PLA 2 digestion of the phospholipid membrane [10] . However, it was unclear why RPE65 needs to bind with the phospholipid membrane to exert its enzymatic activity. Using both CD and fluorescence spectroscopy, in the present paper we demonstrated that chicken recombinant RPE65 changes its conformation upon re-association with the phospholipid membrane and undergoes transition towards its active state. This conformation change correlates with the regaining of its enzymatic activity, upon binding with the membrane.
Early studies of RPE65 suggested that RPE65 binds with the liposomes in crude preparation [28] . More recently, we demonstrated in vitro the importance of RPE65 association with the membrane for its intrinsic enzymatic activity using purified RPE65 and liposomes composed of phosphatidylcholine and containing atRP [9] . In addition, another study showed that RPE65 binds preferably to negatively charged phospholipids [14] . Therefore in the present study we used atRP embedded into negatively charged liposomes containing 50 % mol of DOPS. Enzymatic activity of RPE65 in the presence of the DOPS containing liposomes was found similar to that observed previously with neutrally charged liposomes. Consistent with our previous findings, unbound (soluble) RPE65 did not convert retinyl palmitate into 11-cis-retinol. A significant amount of 11-cis-retinol was detected only when RPE65 was incubated with atRP embedded into the DOPS liposomes. These results confirm that the detergent-solubilized RPE65 has to re-associate with the phospholipids membrane to restore its enzymatic activity.
The results of the liposome flotation assays showed high binding affinity of RPE65 towards the phospholipid membrane composed of negatively charged phospholipids (DOPS) ( Figure 2B, top panel) . Although overall charge of the protein is negative at neutral pH, there are two patches on the surface of RPE65 which are enriched in basic residues (residues 294-298 and 354-359) [13] and possibly involved in electrostatic interactions with the negatively charged liposomes.
Owing to its highly hydrophobic property, atRP, the substrate of RPE65, cannot transfer between the membranes [29] . The results of the present study demonstrated that incorporation of atRP into the liposomal membrane led to a notable increase in the binding affinity of RPE65 ( Figure 2B, bottom panel) . Since RPE65 has a high affinity towards atRP in a detergent-containing solution, atRP is likely to serve as a complementary anchor for RPE65 to bind to the membrane. The presence of atRP can also enhance membrane fluidity similar to that found in the presence of α-tocopherol [30] , which may facilitate RPE65's binding with the membrane.
Binding with the membrane can alter properties of a protein such as size, shape, charge and the presence of hydrophobic patches on the surface. Fluorescence spectra showed a red-shifted emission maximum and an increase of tryptophan emission in the presence of the liposomes (Figures 3A and 3B) . However, the increase of RPE65 fluorescence emission in the presence of the liposomes with atRP was less than that in the presence of the plain liposomes ( Figure 3A, dashed line) . This effect can be attributed to the quenching of RPE65 tryptophan fluorescence upon binding of atRP at the active site [17] . The overall increase in net tryptophan emission intensity could be explained by transfer of some of RPE65 tryptophan residues into a hydrophobic environment of the phospholipid bilayer. On the other hand, conformational changes of the protein can make some of the other tryptophan residues more exposed to the solvent and as a result, cause a red shift of the fluorescence spectrum [31] . Since tryptophan λ max is sensitive to its local environment, the modest red shift of tryptophan emission maximum ( Figure 3B ) of RPE65 observed in the presence of the membranes was an indication that some tryptophan residues became more exposed to the solvent. Thus the changes in intrinsic tryptophan fluorescence of RPE65 in the presence of the membrane suggest that RPE65's tertiary structure undergoes alterations.
The iodide quenching results are in good agreement with this suggestion ( Figure 3C ). The external quenching by KI showed that some tryptophan residues of RPE65 are exposed to the solvent, i.e. they are not buried completely into the membrane interior upon binding [23, 31] . Upon RPE65 binding with either the plain or the atRP-containing liposomes, the external quenching increases (Figure 3C ), indicating that those residues become more exposed to the solvent. Similar effects were reported previously in a study of apo-α-lactalbumin interactions with phosphatidylcholine liposomes [25, 26] . It was proposed that limited expansion of the lactalbumin conformation occurs upon association with the membrane with increased tryptophan solvent exposure. However, although the change in RPE65 conformation was detected upon the membrane binding, the exact topology of RPE65 insertion is still unknown, since we are not able to distinguish contributions from a particular tryptophan residue. In general, the conformation of membrane-bound RPE65 appears to be expanded in comparison with that of soluble RPE65.
Further, solution CD spectroscopy was used to determine whether any changes on the secondary structure of RPE65 occurred in the presence of lipid vesicles. The observed decrease in the negative mean residue ellipticity in the presence of the atRPcontaining liposomes (Figure 4 ) revealed that the presence of atRP in the membrane causes changes in the secondary structure of RPE65 upon the membrane binding. Calculation of the secondary structure showed that the helix content of RPE65 decreased by 1.7 % (statistically significant at P < 0.05) upon binding with the lipid membrane. This is an indication that approximately nine residues of the RPE65 ordered in the helical structure in the free RPE65 alter their structural arrangements when RPE65 associates with the atRP-containing membrane. Coinciding results were observed for integral outer membrane receptor FecA [32] , where the six-residue-long switch helix unwinds to assume a flexible extended conformation upon binding with the ligand. However, it was not resolved whether the decrease in the helical structure of RPE65 is compensated for by an increase in the β-strand content, similar to that reported for Syrian-hamster prion protein bound to negatively charged liposomes [33] , or if these residues remain in an unwound conformational state such as a random coil. It appears that the presence of the substrate not only increased the membrane binding affinity of RPE65, but also caused changes in the secondary structure of RPE65 upon binding with the liposomes.
In summary, the present study demonstrated that RPE65 undergoes conformational changes in secondary and tertiary structures upon binding with the phospholipid membrane. These conformational rearrangements facilitate restoration of a catalytically active state of RPE65.
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